The growth of supermassive black holes and their host galaxies are thought to be linked, but the precise nature of this symbiotic relationship is still poorly understood. Both observations and simulations of galaxy formation suggest that the energy input from active galactic nuclei (AGN), as the central supermassive black hole accretes material and grows, heats the interstellar material and suppresses star formation. In this Letter, we show that most host galaxies of moderate-luminosity supermassive black holes in the local universe have intermediate optical colors that imply the host galaxies are transitioning from star formation to quiescence, the first time this has been shown to be true for all AGN independent of obscuration. The intermediate colors suggest that star formation in the host galaxies ceased roughly 100 Myr ago. This result indicates that either the AGN are very long-lived, accreting for more than 1 Gyr beyond the end of star formation, or there is a ∼100 Myr time delay between the shutdown of star formation and detectable black hole growth. The first explanation is unlikely given current estimates for AGN lifetimes, so low-lumiosity AGN must shut down star formation before substantial black hole accretion activity is detected. The scarcity of AGN host galaxies in the blue cloud reported here challenges scenarios where significant star formation and black hole growth are coeval. Lastly, these observations also strongly support the 'Unified Model' of AGN as the host galaxy colors are independent of obscuration towards the central engine.
INTRODUCTION
Several works have noted that obscured AGN appear to be prevalent in the 'green valley' on the colormagnitude diagram, between actively star-forming galaxies in the blue cloud and passively evolving galaxies on the red sequence (Schawinski et al. 2007b; Salim et al. 2007; Nandra et al. 2007; Silverman et al. 2008; Constantin et al. 2008; Bundy et al. 2008; Georgakakis et al. 2008; Schawinski et al. 2009 ). The presence of AGN in galaxies with such intermediate optical colors has been interpreted as evidence for the role of AGN in the suppression of star formation, so that AGN host galaxies are transitioning from the blue cloud to the red sequence. However, the obscuration that affects the central nuclear region might also be reddening the galaxy colors systematically. Therefore, to understand the connection between star formation and black hole growth, we need to study a complete, unbiased sample of AGN.
In particular, do all AGN, including both unobscured and highly obscured, Compton-thick AGN, lie in the green valley, as one might hypothesize from the Unified Model (Urry & Padovani 1995; Antonucci 1993) ? In this Letter, we test the universality of the association of AGN with 'green' optical colors using a complete sample of obscured and unobscured AGN host galaxies at very low redshift and then discuss the implications of the observed optical color distribution for the rôle of moderateluminosity AGN in the suppression of star formation. We include for the first time not just obscured AGN, but also unobscured and highly obscured sources, and can thus draw strong conclusions on the host galaxies of AGNnot just where on the color-magnitude relation they lie, but also where they are absent.
SWIFT BAT SAMPLE SELECTION
In order to select a complete sample of both unobscured and obscured AGN, we use hard X-ray selection, which is nearly unbiased with respect to obscuration, yet remains highly efficient, unlike IR selection techniques. The Burst Alert Telescope (BAT) onboard the Swift satellite (Gehrels et al. 2004 ) observes photons in the 14-195 keV range in which even the most highly obscured AGN can be detected.
We start with the sample of AGN found by the Swift BAT in the first 9 months of operation across the entire sky (Tueller et al. 2008) , then limit ourselves to objects that overlap with the Sloan Digital Sky Survey (SDSS; York et al. 2000; Adelman-McCarthy et al. 2008 ) and have redshifts of 0.01 < z < 0.07, yielding 21 AGN in the luminosity range of L 14−195 keV = 10 42.7 − 10 44.5 erg s
with a median of 10 44.0 erg s −1 . The AGN include the entire range from entirely unobscured to highly obscured, and have moderate luminosities, and thus accretion rates, typical of the local universe. Quasars exhibit even higher luminosities and accretion rates, but are rare in the low redshift universe; our sample probes almost all of the significant black hole growth in the local universe.
HOST GALAXY COLORS AND CENTRAL POINT SOURCE SUBTRACTION
To study the host galaxy optical properties, we use imaging data from the SDSS DR6 (York et al. 2000; Adelman-McCarthy et al. 2008) . The main challenge in understanding the host galaxy colors of AGN is the contamination of the non-stellar central point source of the AGN. Deep X-ray surveys can deliver samples of X-ray selected AGN down to moderate X-ray luminosities out to considerable redshifts, but the contamination by the AGN light can make comparing AGN host galaxies to their normal counterparts meaningless (Simmons & Urry 2008) . At high redshifts (z 0.7), it is difficult to separate host galaxy from central source even with the superb angular resolution of the Hubble Space Telescope. At very low redshifts however, ground-based optical imaging data become comparable, even superior to, the best Hubble images of high redshift galaxies.
We use GALFIT v. 2.0.3 (Peng et al. 2002) , modified by Simmons & Urry (2008) for the optimal removal of central point sources, to reliably and robustly separate the central AGN light from the extended host galaxy. In Figure 1 , we show two examples of the results of this process. We remove from our sample any sources where the point source is brighter than the host galaxy and sources where the host half-light radius is less than two pixels in order to robustly measure the host galaxy colors down to ∼0.1 mag. This leaves us with 16 sources from the Swift BAT/SDSS sample. This criterion introduces a slight bias against the most luminous AGN in the BAT sample (L X 10 44 erg s −1 ).
RESULTS

4.1.
The Optical Colors of Normal Galaxies and Hard X-ray selected AGN Hosts In order to compare AGN host galaxies to normal galaxies, we construct a volume-limited sample of galaxies from SDSS in the same redshift range with M r < −19 mag to select galaxies sampling the entire luminosity range of the AGN host galaxies. In Figure 2 , we show the color-magnitude diagram for the normal galaxy population, featuring the color bimodality of the red sequence, blue cloud and the green valley in between. On top of this, we plot the host galaxy population of hard X-ray selected AGN (large filled circles). Obscured (red) and unobscured AGN (blue) clearly reside in the green valley. No AGN of similar hard X-ray luminosity, regardless of obscuration lies in the region typical of star-forming galaxies in the blue cloud.
We use a Kolmogorov-Smirnov (KS) test to assess the significance of the difference between the host galaxy colors of the comparison sample and the AGN host galax- -The color-magnitude diagram for the host galaxies of X-ray-selected AGN (filled points) and a matched sample of normal galaxies (contours, doubling at each level). The g − r color is a good tracer of the age of the stellar population dominating the optical light. The galaxy comparison sample from SDSS clearly shows the red sequence and blue cloud. After removing the central point source, the X-ray selected AGN appear in the green valley in between. The large points are hard X-ray selected AGN detected by Swift BAT, colored according to obscuration (log N H ≤ 22 -blue; log N H > 22 -red). The small points are the unobscured AGN detected by ROSAT. On the right-hand, we plot g − r color histograms of both the galaxy comparison sample and the AGN sample.
ies and find that they are different at very high significance (≫ 3σ). In order to strengthen this statement, we compare the color distribution in luminosity bins. In all four bins of 1 magnitude each between M r = −23 to M r = −19, the g − r color distribution of AGN host galaxies and of their normal counterparts are found to be significantly different at far more than the 3σ level.
Locating the Obscuring Material
The unobscured AGN show the same green host galaxy colors as the obscured AGN, meaning the obscuration must be located in the nucleus, not distributed across the galaxy. A KS test of the g−r color distribution of the obscured and unobscured BAT sources yields that they are consistent with being drawn from the same parent distribution at the 2σ level. The obscuration seen by the AGN must therefore be circumnuclear, as in the Unified Model of AGN, such that the galaxy colors are not strongly affected by the obscuration. Treister & Urry (2006) show that there is evidence that this may not be the case at higher redshifts, towards the peak of AGN and galaxy merger activity, implying evolution of the obscuration.
4.3. The Optical Colors of Soft X-ray Selected AGN Clearly, unobscured AGN appear to have the same green host galaxy colors as obscured AGN -but the sample is small. To improve statistics, we obtain a larger sample of unobscured AGN using data from the Röntgen Satellite (ROSAT; Voges et al. 1999; Anderson et al. 2007) , which is sensitive in the 0.1 to 2.4 keV energy range, and thus to mostly unobscured AGN. Restricting ourselves to the same SDSS area and redshift range, we obtain a sample of 161 unobscured AGN with soft X-ray luminosities of L 0.1−2.4 keV of 10 42 − 10 44.3 erg s −1 and a median of 10 42.9 erg s −1 . We limit our selection to a minimum of 10 42 erg s −1 to avoid contamination with X-rays from star formation and X-ray binaries. The energy ranges observed by Swift and ROSAT are different; however, assuming an unobscured AGN spectrum with Γ = 1.7, the median luminosities of our ROSAT and Swift BAT samples are comparable within a factor of 3. A KS test affirms that they are consistent with being drawn from the same parent distribution, but note that the Swift BAT sample is small.
We again subtract the optical central point sources and -Time scales for 'green' optical colors of AGN host galaxies. We plot three star formation scenarios probing the limits of possible color evolution based on stellar evolution models (Maraston 2005) . Model 1 is a moderate 10% mass-fraction starburst on top of an old 8 Gyr stellar population. This burst is somewhat extinguished with E(B-V) = 0.1 and declines with an e-folding timescale of 100 Myr. Model 2 represents an extreme scenario of a small 5% mass fraction declining effectively instantaneously, with τ = 10 Myr, extinguished with the maximum allowable E(B-V)= 0.2. Model 3 has a constant star formation history spanning 10 Gyr with E(B-V) of 0.05; such galaxies never leave the blue cloud in most cases. That 95% of AGN host galaxies lie above g − r = 0.45 means that Model 3 is ruled out definitely. Models 1 and 2 are consistent with our results, but imply implausibly long AGN lifetimes unless there is a significant time delay between the suppression of star formation and the onset of detectable AGN activity.
add the remaining 161 sources with robust colors to Figure 2 (small blue points) . Like the unobscured AGN detected by Swift BAT, the ROSAT-detected AGN have green host galaxy optical colors. The larger numbers allow us to probe the bluest and reddest colors of AGN host galaxies. and in particular, to see how many objects lie in the blue cloud. We see no AGN in the peak of the blue star-forming galaxy population (lower right of Figure 2 ). Due to the range of obscuration represented in our sample, this statement must hold for all local moderate-luminosity AGN.
Could we be systematically missing accreting black holes at the lowest galaxy mass covered by our sample at M r ∼ −19? At the bluest colors, this corresponds to ∼ 10 10 M ⊙ . We convert this to a black hole mass (Häring & Rix 2004) and assume that it radiates at efficiencies as low as a few percent of the Eddington limit. Such an AGN would emit a soft X-ray luminosity of ∼ 10 42 erg s −1 and thus should have been detected by ROSAT. The lack of blue AGN hosts is therefore significant and we conclude that the majority of AGN host galaxies in the local universe are in the green valley.
A High Merger Fraction for X-ray Selected AGN
Host Galaxies After subtracting the galaxy model with GALFIT, the residual image contains both the central AGN point source, and any remaining morphological disturbances, such as tidal tails, spiral arms and shells (e.g. Figure 1 top). We perform the same galaxy model subtraction to a sample of normal galaxies matched to the AGN sample in both g − r color and luminosity, and compare the incidence of features indicating a recent or in-progress merger in both. We find a statistically highly significant excess of such features in the AGN host galaxy sample over the control sample (43% for BAT sources, 21% for control). We further measure the asymmetry (Conselice 2003) in both the g-and r-band images and find that the AGN host galaxies are significantly more asymmetric than those in the control sample. This observation compares favorably to models in which AGN phases are driven by mergers (e.g. Hopkins et al. 2006 ).
STELLAR POPULATION ANALYSIS
We can use stellar population synthesis as a clock to interpret the green valley optical colors. In Figure 3 , we plot g − r colors of three representative star formation histories as a function of time, based on the stellar population models of Maraston (2005) . Models 1 and 2 trace the evolution of realistic and extreme star formation shutdown scenarios respectively, and Model 3 follows a constant star formation rate. Varying the model parameters such as mass-fraction, dust and timescale τ fills in the parameter space between Models 2 and 3, clustering around the 'normal' Model 1.
A particular concern is whether we can account for the green color of AGN host galaxies by invoking substantial ongoing, but obscured, star formation. Any extinction seen by the host galaxy would also be seen by the cen- Fig. 4 .-In this schematic diagram, we show the black hole accretion rate, star formation rate and optical color as a function of time, for the case of rapid (τ = 100 Myr) suppression of star formation. In the top panel, we show three Scenarios for the black hole accretion rate. Scenario A (red, solid) represents a short-lived AGN/quasar phase that suppresses star formation instantly. This kind of scenario would predict a large number of AGN in the blue cloud, and so is ruled out by our observations. In Scenario B (green, dotted), the AGN quickly switches on, suppresses star formation and remains at high luminosity for ∼ 1 Gyr to account for the high fraction of AGN in the green valley compared to the blue cloud. In Scenario C (blue, dashed), the moderate luminosity AGN (like those we detect in the X-rays) does suppress star formation, but peaks in luminosity several 100 Myr after the suppression, naturally giving rise to the observed distribution of AGN host galaxy colors. Such large time delays have been seen in some cosmological simulations (e.g., Li et al. 2007) , although these are for high-luminosity quasars at very high redshift.
tral engine. The unobscured AGN detected with ROSAT all have column densities of N H < 10 22 cm −2 . Converting this column density to a dust extinction using the observed ratio of Bohlin et al. (1978) , A V = 0.58( NH 10 21 ), yields a maximum value for the optical extinction E(B-V) of ∼ 0.2 for a typical R V = 3.1. Substantial ongoing star formation requires sufficient amounts of dust, but such high levels of dust obscuration cannot be present in our AGN host galaxies.
With Model 2, we put a lower bound on the transition time from the blue cloud to the green valley. Longer suppression timescales directly result in longer time delays to the green valley. In Model 1, the τ of 100 Myr is comparable to the dynamical timescale of massive galaxies and thus sets a natural timescale that compares favorably with observed shutdown timescales inferred in post-starburst galaxies (e.g., Kaviraj et al. 2007a; Wild et al. 2008 ) and for molecular gas reservoir destruction (Schawinski et al. 2009 ). The extreme Model 2 assumes virtually instantaneous suppresion (τ = 10 Myr).
The mass fraction of young stars is also a factor in estimating the transition time. The mass-fraction of young stars for the extreme Model 2 of 5% is chosen to reflect a minor starburst; smaller starburst at the sub-1% level are widespread, but fail to move red galaxies off the optical red sequence (Yi et al. 2005; Schawinski et al. 2007a; Kaviraj et al. 2007b) . While there are still parameter choice that might give green optical colors at very young ages, such fine tuning seems implausible for our sample of almost 200 objects. The mass-fractions chosen for the extreme (5%) and realistic (10%) Models are commensurate to those in green valley early-type galaxies transitioning from the blue cloud to the red sequence (Schawinski et al. 2007b) .
For the extreme Model 2, the g − r colors of the AGN host galaxies restrict the minimum time elapsed since the suppression event to ∼60 Myr, as only the bluest 5% of the population exhibit colors that correspond to younger ages. For the more realistic Model 1, the bluest 5% imply typical ages of a few hundred Myr.
DISCUSSION
The fact that we detect very few AGN in the peak of the blue cloud seems to rule out scenarios where a shortlived, luminous AGN/quasar phase episode suppresses star formation on short timescales (i.e. Scenario A (red) in Figure 4) . Two scenarios instead can account for the lack of young, blue AGN host galaxies. The first is that the AGN suppress star formation in their hosts, but the typical AGN lifetime is long compared to the suppression timescale, so that most AGN have evolved away from the blue cloud (Scenario B (green) in Figure 4 ). Roughly 5% of our AGN still have ages less than ∼60 Myr, in which case Scenario B implies a lifetime of 1.2 Gyr. However, the estimates of Marconi et al. (2004) reach 1 Gyr only for the most massive black holes. The current consensus in the literature (e.g., Martini & Weinberg 2001; Martini 2004; Marconi et al. 2004) give typical lifetimes of only a few 10 8 years, which is smaller than the minimum lifetime implied by the dearth of blue host galaxies. Such lifetime estimates are generally given for accretion phases with high Eddington ratios, with the esimate of a few 10 8 years of Marconi et al. (2004) considering efficiencies down to 0.1 L Edd . The median Swift BAT source in our sample has efficiencies of L ∼ 0.1L Edd with a large scatter if we compute L/L Edd , for black hole masses estimated from the M • − σ relation (Ferrarese & Merritt 2000; Gebhardt et al. 2000) and apply a bolometric correction from L X to L bol of 20 to 100.
The other interpretation (Scenario C (blue) in Figure  4 ), is that star formation is suppressed immediately, but the AGN luminosity is detectable only with a delay of about 100 Myr. If so, low-luminosity AGN during the rising phase, below ∼ 10 42 erg s −1 , must be sufficient to shut down star formation, as suggested by the destruction of cold molecular gas reservoirs by low-luminosity AGN (Schawinski et al. 2007b; Schawinski et al. 2009 ). Then the optical colors of the green valley AGN are a reflection of the time needed for substantial amounts of material to lose enough angular momentum to reach the black hole and thus increase the AGN luminosity. This time gap of ∼ 100 Myr cannot be accounted for by a heavily obscured AGN phase, as Swift BAT would have detected them. In this Scenario C, the low-luminosity phase and not the X-ray bright phase is the cause of the shutdown of star formation. Perhaps the low-luminosity phase, while radiatively inefficient, is channeling substantial amounts of kinetic energy into the ISM, similar to the 'radio' or 'maintenance 'mode invoked in current semianalytic models (Bower et al. 2006; Croton et al. 2006; Somerville et al. 2008 ). This Scenario also leaves the option that another process causes both the shutdown of star formation and the AGN phase with a time delay, but such a scenario raises more problems than it solves.
Our observational result challenges recent results from simulations of AGN feedback, at least at low redshifts Di Matteo et al. 2005; Hopkins et al. 2006; Johansson et al. 2008) , which suggest that the epoch of maximum black hole growth is coeval with the peak of star formation. The coeval scenario (i.e. Scenario A) where the AGN luminosity peaks during the suppression phase, would predict a large population of high-luminosity AGN in the blue cloud, where we observe very few. We note however that some of these simulations pertain to the high redshift universe, and that the physical processes at low redshift may be different.
